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Coronary Angiography
Coronary angiography was performed by the percutaneous transbrachial or transfemoral technique. The angiograms were interpreted by experienced cardiologists at each hospital according to the American Heart Association methods. 12 The luminal diameter was measured by calipers at one hospital and approximated at the others. The maximal lumen diameter reduction in each of 15 coronary artery segments was classified into 0% (normal), 25%, 50%, 75%, 90%, 99% and 100%. Significant stenosis was defined when 75% or greater luminal narrowing occurred in one or more coronary arteries.
In order to evaluate the degree of severity and the importance of the location of the stenosis, Gensini's score 13 was also calculated: a severity coefficient was given for each segment (0, 1, 2, 4, 8, 16 or 32 according to the degree of stenosis) and the importance of the segment was rated as 5 for the left main trunk to 0.5 for the most distal segments. The interpretation of the angiograms did not vary among hospitals: the intraclass correlation coefficient of the Gensini's score of 10 randomly selected patients was 0.92. The mean (±SD) of Gensini's score was 15±28. Fifty patients, whose Gensini's score was greater than 43 (mean + 1SD), were considered to have significant coronary atherosclerosis (high Gensini's score).
Behavioral and Clinical Risk Factors
Research physicians or nurses asked patients to complete a questionnaire about lifestyle factors such as smoking habit, alcohol drinking, and leisure time physical activity. The CAD-related symptom(s) or abnormal electrocardiogram that prompted coronary angiography was elicited, and the lifestyle and other factors prior to the onset of that event were ascertained.
Clinical and laboratory data as well as medical history were obtained from medical records. Hypertension was defined as present if patients took anti-hypertensive agents or had a systolic blood pressure of 160 mmHg or higher and/or diastolic blood pressure of 95 mmHg or higher. Diabetes mellitus was defined as present if patients were under dietary or drug treatment or when they had fasting plasma glucose of 7.77 mmol/L (140 mg/dl) or higher, or a casual plasma glucose of 11.1 mmol/L (200 mg/dl) or higher. Hypercholesterolemia was defined as present when patients received lipid-lowering agents or their serum cholesterol levels were 6.21 mmol/L (240 mg/dl) or higher. Low concentration of high-density lipoprotein cholesterol (HDL-C) was defined if it was less than 0.91 mmol/L (35 mg/dl).
Only 190 subjects whose blood samples were collected while fasting, were used in the analysis of triglyceride. Hypertriglyceridemia was defined as a fasting serum triglyceride level of 1.69 mmol/L (150 mg/dl) or higher. Body mass index (BMI, kg/m 2 ) was calculated as an index of obesity and a BMI of 25.0 or greater was defined as obesity. When the patients exercised for 30 min or more at a moderate level or more strenously, that was defined as high leisure time physical activity.
Statistical Analysis
Logistic regression analysis was used to adjust for potential confounding factors (age, sex, hospital, obesity, cigarettes smoking, alcohol intake, leisure time physical activity). Age was categorized into 5-year groups. Exposure to cigarette smoking was expressed as the smoking index (SI = no. of cigarettes smoked per day × years of smoking) 14 and categorized into 0, 1-399 and 400+. Alcohol consumption (ml/day) was calculated for current drinkers and categorized into 0, 1-49 and 50+. The odds ratio (OR) and 95% confidence interval (95% CI) were obtained from the logistic regression coefficient and its standard error. All statistical analyses were done with the Statistical Analysis System (SAS) (SAS Institute, Inc, Cary, NC, USA).
Results
The characteristics of the patients are shown in Table 1 . Of the 433 patients, 146 (33.7%) had significant coronary artery stenosis; 204 (47.1%) had HT and 171 were (39.5%) taking antihypertensive agents; 84 (19.4%) had DM and 49 (11.3%) were taking hypoglycemic agents or insulin; 102 (23.6%) were defined as hypercholesterolemia and 57 (13.2%) were taking lipid lowering agents; 34 (7.8%) had low HDL-C. Of the 190 patients whose blood samples were collected while fasting, 66 (34.7%) had hypertriglyceridemia. Table 2 shows the OR for coronary artery stenosis or coronary atherosclerosis (high Gensini's score) in relation to the clinical risk factors in all subjects. HT, DM, hypercholesterolemia, low HDL-C and hypertriglyceridemia were significantly related to an increased OR of coronary artery stenosis after adjusting for age, sex and hospital. These factors, except for hypercholesterolemia, remained as significant risk factors even after controlling for smoking, alcohol use, BMI, leisure time physical activity; hypercholesterolemia showed an OR greater than unity, (OR=1.27, 95% CI: 0.97-1.65, p=0.09) but was not a significant risk factor. On the other hand, DM, low HDL-C and hypertriglyceridemia were significantly related to an increased OR of coronary atherosclerosis (high Gensini's score) after adjusting for age, sex and hospital, but only low HDL-C remained as a significant risk factor after full adjustment. There was no material difference in the ORs associated with these risk factors between men and women ( Table 3 ), except that an increased OR associated with DM was more evident in women. Table 4 shows the adjusted ORs of coronary artery stenosis in relation to the clinical risk factors separated for middle-aged and elderly patients. HT, DM and hypertriglyceridemia each showed an equally increased risk of coronary artery stenosis in the 2 age groups. Hypercholesterolemia was associated with a significantly increased OR in the middle-aged, but not in the elderly, and low HDL-C was related to an evident increase in the OR among the elderly only. 
Discussion
Epidemiological studies in Western countries [15] [16] [17] and in Japan 2,18 have revealed a positive relationship between elevated blood pressure and CAD severity and mortality. A meta-analysis of clinical trials of treatment of HT showed a significant reduction of CAD events and mortality in patients receiving antihypertensive therapy. 19 In the present study, HT was a significant risk factor for coronary artery stenosis even after adjusting for age, sex, hospital, smoking, alcohol use, BMI and leisure time physical activity.
The present study showed that all 3 types of dyslipidemia were a significant risk factor for coronary artery stenosis after adjusting for age, sex and hospital. Even after adjusting for age, sex, hospital, smoking, alcohol use, BMI and leisure time physical activity, low HDL-C and hypertriglyceridemia remained as significant risk factors, but hypercholesterolemia was not. The association between elevated plasma cholesterol levels and CAD risk has been reported in both observational 4, 8, [20] [21] [22] and interventional studies. [23] [24] [25] [26] The screening of more than 350,000 men for the Multiple Risk Factor Intervention Trial (MRFIT) showed a continuous and graded positive relationship between total cholesterol and CAD mortality. 20 In Japan, however, the serum cholesterol levels of rural residents were still low in 1990, and Toshima reported that elevated serum cholesterol levels related to changing nutrition patterns (an increase from 3.88 mmol/L (150 mg/dl) in 1958 to 4.92 mmol/L (190 mg/dl) in 1990) reduced the incidence of stoke, but did not increase the incidence of CAD. 27 However, on the basis of the Adult Health Study data, Kodama et al reported that serum cholesterol level was positively related to CAD incidence even after adjusting for other potential risk factors, 28 but Konishi et al reported that serum cholesterol was a risk factor for CAD in urban employees, but not for rural residents. 29 In 1998, Wakugami et al reported that hypercholesterolemia was an independent risk factor for CAD in Okinawa, Japan. 30 In the present study, hypecholesterolemia was a significant risk factor for coronary artery stenosis in all subjects after adjusting for age, sex and hospital, but not after adjusting for age, sex, hospital, smoking, alcohol use, BMI and leisure time physical activity. However, it remained a significant risk factor (OR=1.31, 95% CI: 1.01-1.69) after adjusting for variables other than BMI and leisure time physical activity (data not shown in Table) . Because the potential CAD risk factors of obesity 28, 29 and leisure time physical activity [28] [29] [30] have not been adjusted for in previous studies, the CAD risk of hypercholesterolemia may be underestimated by adjusting for obesity and leisure time physical activity.
An inverse association between HDL-C and CAD incidence has been observed in many epidemiological studies. The Framingham Heart Study revealed that men and women with HDL-C of 0.91 mmol/L (35 mg/dl) or less had an 8-fold increase in CAD incidence compared with those with HDL-C of 1.68 mmol/L (65 mg/dl) or greater. 31 The protective association of HDL-C with CAD has also been found in the Japanese population by Kitamura et al 32 who reported that CAD incidence was inversely related to HDL-C and by Hibino et al 33 who reported that plasma HDL-C levels were significantly lower in patients with more than 50% coronary artery stenosis. In the present study, hypo-HDL-cholesterolemia was a risk factor for significant coronary artery stenosis in all subjects even after controlling for age, sex, hospital, smoking, alcohol use, BMI and leisure time physical activity.
Epiodemiological studies using univariate analysis have shown that hypertriglyceridemia is a risk factor for CAD, but the relation between plasma triglyceride concentration and CAD risk is controversial after controlling for HDL-C and other risk factors. 34 First, the measurement of triglyceride in the past has been fraught with problems, such as the confounding effects of free glycerol. 35 Second, the inverse metabolic relation between HDL-C and triglyceride-rich lipoproteins may partly explain the weakening of the association between plasma triglyceride concentration and CAD risk. 35 Third, another important confounding factor of triglyceride concentration and CAD risk is the heterogeneity of the triglyceride-rich lipoproteins. 35 Triglyceriderich particles derived from dietary lipid intake are not thought to be associated with increased CAD risk whereas the triglyceride-rich lipoproteins secreted by the liver from endogenously produced lipids and chylomicron remnant particles are thought to be atherogenic. Recent advances in protocols for measuring remnant lipoproteins have contributed to a refining of the lipid profile assessment. In the present study, only 190 subjects, whose blood samples were collected while fasting, were analyzed for triglyceride, and hypertriglyceridemia was revealed as a significant risk factor for coronary artery stenosis even after controlling for age, sex, hospital, smoking, alcohol use, BMI and leisure time physical activity.
Epidemiological studies in Western countries 36, 37 and in Japan 38 have also shown an increased risk of CAD among patients with DM, which is frequently present with other CAD risk factors. [39] [40] [41] HT and obesity are common in diabetic patients, and the typical dyslipidemia in these patients is increased plasma trigyceride and decreased HDL-C. However, even taken together, these other risk factor do not completely explain the increased CAD risk in diabetic patients. 42 Several studies have demonstrated that hyperinsulinemia predicts a CAD risk independently of other CAD risk factors, [43] [44] [45] [46] and hyperinsulinemia and/or insulin resistance are related to various metabolic and physiologic disorders, including HT, low HDL-C, hypertriglyceridemia and DM, [47] [48] [49] all of which were significant risk factors for coronary artery stenosis in the present study.
In the Rancho Bernardo study, the relative risk for CAD death was 1.9 in diabetic men and 3.3 diabetic women compared with nondiabetic men and women even after adjusting for other CAD risk factors. 37 Two prospective, population-based studies from Finland have shown a linear association between glycemic control and the incidence of CAD in middle-aged and elderly aged patients with noninsulin dependent DM. 50 In the Hisayama study in Japan, the relative risk of CAD was 2.6 in diabetic populations compared with nondiabetic populations even after adjusting for other CAD risk factors. 7 Because the frequency of DM has increased in Japan, 7 its prevention and control will become more important in the control of CAD morbidity. In the present study, DM remained a significant risk factor after controlling for age, sex, hospital, smoking, alcohol use, BMI and leisure time physical activity in both sexes as well as in both middle-aged and elderly patients.
Because we did not evaluate the CAD risk after adjusting HT, dyslipidemia and DM for each other, we may have overestimated the CAD risk of DM. However, in the clinical setting, we should not separate HT and dyslipidemia in diabetic patients because the treatment of DM should include the control of these 2 factors because they are also risk factors for CAD in diabetic patients. [51] [52] [53] In the present study, HT, low HDL-C, hypertriglyceridemia and DM were independent risk factors for significant coronary artery stenosis (≥75% luminal narrowing). In contrast, only low HDL-C was a risk factor for significant coronary atherosclerosis (high Gensini's score) after full adjustment. These findings show that the existence of significant coronary artery stenosis may not always be associated with a high Gensini's score in the clinical setting, suggesting that luminal narrowing of the coronary arteries may develop regardless of the importance of its location.
There have been several studies that have evaluated the clinical risk factors for CAD in elderly patients only. HT has been shown to be an independent risk factor for CAD, [54] [55] [56] but systolic HT had not been suggested as an important CAD risk factor in the elderly. 57 In 1991, however, the Systolic Hypertension in the Elderly Program (SHEP) trial demonstrated that treating systolic HT in those aged over 60 years reduced nonfatal myocardial infarction by 33% over a 4.5-year follow-up period. 58 In the present study, HT, which was defined as present if patients took anti-hypertensive agents or had systolic and/or diastolic HT, was an independent risk factor for coronary artery stenosis in the elderly.
Some epidemiological studies have shown a positive association between serum cholesterol level and the incidence of CAD in the elderly, 54,59-61 whereas others have indicated that the increased risk for CAD associated with elevated serum cholesterol levels substantially weakened with advancing age. 55, 62 The present study revealed that hypercholesterolemia was an independent risk factor for coronary artery stenosis in middle-aged, but not elderly, patients, which was consistent with the results of our previous case -control study of non-fatal acute myocardial infarction in the Fukuoka Metropolitan Area. 63 In Japan, the serum cholesterol levels of rural residents were still low in 1990, and so the elderly patients in the present study may not have sustained hypercholesterolemia for a long period of time.
A decreased risk for CAD associated with elevated HDL-C levels in elderly patients has been shown in the SHEP study. 61 In the present study, low HDL-C was associated with coronary artery stenosis in the elderly, but not the middle-aged, patients. The lack of an association between HDL-C levels and coronary artery stenosis may be a chance phenomenon because the proportion of patients with low HDL-C was very small in the present study (7.8%).
Hypertriglyceridemia is also an independent risk factor for CAD in fasting elderly patients. 61 In the present study, hypertriglyceridemia was not a significant risk factor for coronary artery stenosis in either middle-aged or elderly patients, although it was a significant risk factor in all subjects, which may be partly explained by the smaller number of patients in the subgroup analyses. On the other hand, an interventional study demonstrated that cholesterol-lowering therapy with simvastatin, which improved not only hypercholesterolemia, but also hypo-HDL-cholesterolemia and hypertriglyceridemia, produced similar reductions in relative risk for major coronary events in elderly patients compared with younger patients. 64 DM has been shown to be an important risk factor for CAD in elderly and middle-aged patients, 50 and the present study also found that DM is an independent risk factor for coronary artery stenosis in these age groups.
The Rancho Bernardo Study reported that the CAD risk associated with DM is greater in women than men, 37 and on the basis of age-adjusted CAD mortality rates from the Framingham Heart Study and the Joslin Diabetes cohort, Kahn and Weir also demonstrated that the effect of DM on CAD risk is much greater in women than in men. 65 The relative increase in clinical atherosclerotic disease in diabetic patients appear sto be more marked in women than in men, effectively eliminating the relative 'protection' from atherosclerosis in nondiabetic women in the middle years. 41 The present study also showed that an increased risk for coronary artery stenosis associated with DM was more evident in women compared with men. In summary, the present study showed that HT, DM, low HDL-C, and hypertriglyceridemia are significant risk factors for coronary artery stenosis even after adjusting for other risk factors, but hypercholesterolemia was not, which suggests that low HDL-C and hypertriglyceridemia may be more important CAD risk factors than hypercholesterolemia. DM was a significant risk factor for coronary artery stenosis in both middle-aged and elderly patients as well as in both sexes whereas hypercholesterolemia was a significant risk factor for coronary artery stenosis only in middleaged patients and only in men. The results of the present study indicate that DM may be a more important CAD risk factor than hypercholesterolemia, although increasing serum cholesterol concentrations 5 as well as an increasing frequency of DM 7 have been reported in Japan. These findings, however, must be interpreted with caution. First, patients with myocardial infarction were excluded and thus we may have missed patients with severe coronary artery stenosis. Kasaoka et al investigated the effect of HT, hypercholesterolemia and DM on coronary artery stenosis in 204 patients with a previous myocardial infarction or stable effort-angina, and demonstrated that hypercholesterolemia had a greater influence on the severity of coronary artery lesions than HT or DM. 66 Second, the present study was a hospital-based cross-sectional study and so the patients may not be truly representative of the inhabitants in Fukuoka Metropolitan Area. Third, hypercholesterolemia remained a significant risk factor after controlling for other potential risk factors other than BMI and leisure time physical activity. This result was consistent with the results of previous studies that demonstrated that hypercholesterolemia was an independent CAD risk factor in Japanese. 28, 30 More information is needed on whether hypercholesterolemia is a significant CAD risk factor in elderly or female Japanese.
